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3ULRQ GLVHDVHV RU WUDQVPLVVLEOH VSRQJLIRUP HQFHSKDORSDWKLHV 76( DUH D XQLTXH JURXS RI




FRQWURO DUH LQHIIHFWLYH DJDLQVW SULRQV H[FHSW FKDRWURSLF DJHQWV WKDW VSHFLILFDOO\ GLVUXSW
SURWHLQV +XPDQ FDGDYHULF SURVHFWLRQ RU GLVVHFWLRQ IRU WKH SXUSRVHV RI WHDFKLQJ DQG
GHPRQVWUDWLRQ RI KXPDQ DQDWRP\ KDV D GLVWLQJXLVKHG KLVWRU\ DQG UHPDLQV RQH RI WKH
IXQGDPHQWDOVRIPHGLFDOHGXFDWLRQ,DWURJHQLFWUDQVPLVVLRQRIKXPDQSULRQGLVHDVHVKDVEHHQ
GHPRQVWUDWHGIURPWKHLQRFXODWLRQRULPSODQWDWLRQRIKXPDQWLVVXHV7KHUHIRUHDOWKRXJKWKH
LQFLGHQFH RI KXPDQ SULRQ GLVHDVHV LV UDUH UHVWULFWLRQV H[LVW XSRQ WKH XVH RI WLVVXHV IURP
SDWLHQWV UHSRUWHG ZLWK GHPHQWLD VSHFLILFDOO\ WKH EUDLQ DQG RWKHU FHQWUDO QHUYRXV V\VWHP
PDWHULDO $ FXUUHQW FRQFHUQ LV WKH SRWHQWLDO IRU DV\PSWRPDWLF YDULDQW &UHXW]IHOGW-DNRE
'LVHDVH Y&-' WUDQVPLVVLRQZLWKLQWKH8.SRSXODWLRQ7KHUHIRUHGHVSLWH WKHSUHYHQWDWLYH
PHDVXUHVWKHWUDQVPLVVLRQRISULRQGLVHDVHWKURXJKKXPDQWLVVXHVUHPDLQVDSRWHQWLDOULVNWR
WKRVH ZRUNLQJ ZLWK WKHVH PDWHULDOV ,Q WKLV UHYLHZ ZH DLP WR VXPPDULVH WKH FXUUHQW
NQRZOHGJH RQ KXPDQ SULRQ GLVHDVH UHOHYDQW WR WKRVH ZRUNLQJ ZLWK KXPDQ WLVVXHV LQ WKH
FRQWH[WRIDQDWRPLFDOGLVVHFWLRQ
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3ULRQ GLVHDVHV RU WUDQVPLVVLEOH VSRQJLIRUP HQFHSKDORSDWKLHV 76( DUH D JURXS RI
SURJUHVVLYH QHXURGHJHQHUDWLYH GLVRUGHUV ZLWK UHODWLYHO\ VKRUW V\PSWRPDWLF FOLQLFDO SHULRGV
ZKHQ FRPSDUHG WR WKHLU XVXDOO\ FKDUDFWHULVWLFDOO\ ORQJ DV\PSWRPDWLF LQFXEDWLRQ SHULRGV
:KLOHGHWHUPLQDWLRQRIWKHDV\PSWRPDWLFSKDVHLQKXPDQSULRQGLVHDVHFDVHVFDQEHGLIILFXOW
RULPSRVVLEOHWRHVWDEOLVKWKHFRPPHQFHPHQWRIFOLQLFDOV\PSWRPVW\SLFDOO\SUHFHGHVGHDWK
ZLWKLQPRQWKV WR\HDUV3ULRQ GLVHDVHV KDYH D UDQJH RI KXPDQDQG DQLPDO VSHFLHV DV WKHLU
QDWXUDOKRVWVDQGGLVSOD\OLPLWHG]RRQRWLFSRWHQWLDO7KHUHIRUHPXFKRIZKDWZHNQRZDERXW
WKHVH GLVHDVHV KDV EHHQ GHULYHG IURP WKH VWXG\ RI DQLPDO PRGHOV 7KRXJK QRW DOO SULRQ
GLVHDVHVKDYHEHHQSURYHQWREHWUDQVPLVVLEOHPDQ\RIWKHPLQFOXGLQJVKHHSVFUDSLHERYLQH
VSRQJLIRUPHQFHSKDORSDWK\%6(DQGPRVWKXPDQSULRQGLVHDVHVKDYHEHHQWUDQVPLWWHGWR
ODERUDWRU\ URGHQWV )URP WKHVH VWXGLHV XQGHUWDNHQ ZLWKLQ FRQWUROOHG ODERUDWRU\ FRQGLWLRQV
VXFKFRQFHSWVDVUHODWLYHLQIHFWLYLW\LQIHFWLRXVGRVHDQGSULRQGLVHDVHLQFXEDWLRQSHULRGKDYH
EHHQGHWHUPLQHGDQGVXEVHTXHQWO\VSHFXODWHGXSRQIRUKXPDQSULRQGLVHDVHV
3ULRQ GLVHDVHV DUH GLDJQRVHG FOLQLFDOO\ DFFRUGLQJ WR LQWHUQDWLRQDOO\ DJUHHG GHILQHG
FULWHULD DQG SDWKRORJLFDOO\ E\ QHXURQDO ORVV DQG VSRQJLIRUP GHJHQHUDWLRQ LQ WKH QHXURSLO
UHDFWLYHJOLDOUHVSRQVHVDQGGHSRVLWLRQRIWKHGLVHDVHDVVRFLDWHGLVRIRUPRIWKHSULRQSURWHLQ
3U3SULPDULO\ZLWKLQ WKHFHQWUDOQHUYRXVV\VWHP&16)LJXUH ,QYDULDQW&UHXW]IHOGW
-DNRE GLVHDVH Y&-' GLVHDVHDVVRFLDWHG 3U3 GHSRVLWLRQ DOVR RFFXUV LQ VSHFLILF WLVVXHV
WKURXJKRXWWKHERG\LQFOXGLQJDXWRQRPLFDQGVHQVRU\JDQJOLDZLWKLQWKHSHULSKHUDOQHUYRXV
V\VWHPDQGLQO\PSKRLGWLVVXHV)LJXUH$IXQGDPHQWDOGLDJQRVWLFPDUNHURIWKHVHGLVHDVHV
LV GHWHFWLRQ RI WKH SRVWWUDQVODWLRQDO FRQYHUVLRQ RU UHIROGLQJ RI WKH ODELOH QRUPDO KRVW
FHOOXODU 3U3 3U3& LQWR WKH UHODWLYHO\ VWDEOH SURWHDVHUHVLVWDQW GLVHDVHVSHFLILF LVRIRUP
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DQG WKHUHIRUHKXPDQSULRQGLVHDVHV UHSUHVHQWDSRWHQWLDO ULVN IRUSULRQ WUDQVPLVVLRQGXULQJ
DQDWRPLFDOGLVVHFWLRQ)LJXUH
+XPDQ SULRQ GLVHDVHV KDYH FROOHFWLYHO\ EHHQ LGHQWLILHG DQG GHVFULEHG RYHU WKH
SUHYLRXV  \HDUV DQG FDQ EH FODVVLILHG DFFRUGLQJ WR QXPHURXV FULWHULD 7DEOH  ,Q WKH
¶V WKH *HUPDQ QHXURSDWKRORJLVWV +DQV *HUKDUG &UHXW]IHOGW DQG $OIRQV 0DULD -DNRE
VHSDUDWHO\ LGHQWLILHG DQG GHVFULEHG JURXSV RI SDWLHQWV ZLWK SURJUHVVLYH QHXURGHJHQHUDWLRQ
OHQGLQJ WKH QDPH&UHXW]IHOGW-DNRE GLVHDVH &-' WR WKH FRQGLWLRQV REVHUYHG &UHXW]IHOGW
 -DNRED E ,Q -RVHI*HUVWPDQQ(UQVW6WUlXVVOHUDQG ,O\D6FKHLQNHU
GHVFULEHG DQ LQKHULWHG IRUP RI VSLQRFHUHEHOODU DWD[LD ZLWK D GLVWLQFW QHXURSDWKRORJLFDO
SKHQRW\SHWKDWGLGQRWDSSHDU WREHUHODWHGWR&-'WHUPHG*HUVWPDQQ6WUlXVVOHU6FKHLQNHU
*66 GLVHDVH *HUVWPDQQ HW DO  .XUX ZDV ILUVW GHVFULEHG LQ WKH ¶V IROORZLQJ
REVHUYDWLRQ RI WKH )RUH SHRSOH RI 1HZ *XLQHD E\ $XVWUDOLDQ DGPLQLVWUDWRUV DQG
DQWKURSRORJLVWVDQGZDVVXEVHTXHQWO\LQYHVWLJDWHGE\'UV=LJDVDQG*DMGXVHN*DMGXVHNDQG
=LJDV0RUHUHFHQWO\WKHJHQHWLFSULRQGLVHDVHIDWDOIDPLOLDOLQVRPQLDZDVGHVFULEHGLQ
WKHPLG ¶V /XJDUHVL HW DO  DQGD ]RRQRWLF GLVHDVHQRZNQRZQDV YDULDQW&-'
Y&-' LGHQWLILHG LQ WKH8. LQ WKHPLG ¶V :LOO HW DO  ,Q  D QRYHO SULRQ
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GLVHDVH QRZ UHIHUUHG WR DV YDULDEO\ SURWHDVH VHQVLWLYH SULRQRSDWK\ ZDV DOVR GHVFULEHG
*DPEHWWLHWDO




Page 4 of 36





































































DUHH[SODLQDEOHZLWKLQ WKHSULRQK\SRWKHVLVHLWKHUDV VSRQWDQHRXV VRPDWLFPXWDWLRQVZLWKLQ
WKH3513JHQHZKLFKHQFRGHV3U3RUVWRFKDVWLF3U3PLVIROGLQJHYHQWVRURWKHUHSLJHQHWLF
SKHQRPHQRQZKLFK DULVH GXH WR FXUUHQWO\ XQLGHQWLILDEOH FRQGLWLRQV 6SRUDGLF KXPDQ SULRQ
GLVHDVH DUH FODVVLILHG DFFRUGLQJ WR WKHLU FOLQLFDO DQG QHXURSDWKRORJLFDO IHDWXUHV LQWR WZR





FODVVLILHG DQG VXEFODVVLILHG DV RXU NQRZOHGJH DQG DQDO\VLV RI WKH FOLQLFDO SUHVHQWDWLRQ





UDQJH RI  \HDUV PHDQ DJH RI RQVHW LV  \HDUV DQG D PHDQ GXUDWLRQ RI  PRQWKV
*DPEHWWLHWDO
*HQHWLF ± *HQHWLF SULRQ GLVHDVH LV WKH VHFRQGPRVW IUHTXHQW IRUP RI KXPDQ SULRQ
GLVHDVH DFFRXQWLQJ IRU DURXQGRI FDVHV:KLOH WKH IDPLOLDO SULRQGLVHDVHVKDYH
PDLQ SKHQRW\SHV IDPLOLDO I&-' *66 DQG )), VRPH UDUH YDULDQWV VKRZ GLIIHUHQW
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SKHQRW\SHV VXFK DV SULRQ SURWHLQ FHUHEUDO DP\ORLG DQJLRSDWK\ 3U3&$$ *KHWWL HW DO
'LVHDVHLQFLGHQFHLVUDUHLQWHUPVRIWKHJHQHUDOSRSXODWLRQEXWVLQFHJHQHWLFKXPDQ
SULRQGLVHDVHVDUHLQKHULWHGDVDXWRVRPDOGRPLQDQWGLVRUGHUVWKHIUHTXHQF\RIFDUULHUVRIWKH
FDXVDWLYHPXWDWLRQV LQ WKH SULRQ SURWHLQ JHQH 3513 PD\ EH H[WUHPHO\ KLJK LQ DIIHFWHG
IDPLOLHV  3KHQRW\SLF YDULDWLRQ RFFXUV LQ JHQHWLF KXPDQ GLVHDVHV LQ SDUWLFXODU WKH DJH DW
GLVHDVHRQVHWLVYDULDEOHDQGQRWDOOFDUULHUVRI3513PXWDWLRQVGHYHORSV\PSWRPVRIJHQHWLF
SULRQ GLVHDVH SDUWLFXODUO\ LI WKH\ VXFFXPE WR DQ XQUHODWHG GLVRUGHU EHIRUH SULRQ GLVHDVH
RQVHW$PDMRULQIOXHQFHRQWKHSKHQRW\SLFYDULDELOLW\LQKXPDQSULRQGLVHDVHVLVWKHHIIHFWRI
WKHSRO\PRUSKLVPDW FRGRQ LQ WKH3513JHQHRQ WKHPXWDQWDOOHOHZKLFKFDQHQFRGH
HLWKHUPHWKLRQLQHRUYDOLQH2QHH[DPSOHRIWKLVLVWKHGLVHDVH)),ZKLFKKDVDQDJHUDQJHRI
\HDUVROGZLWKDPHDQDJHRIRQVHWRI\HDUVRIDJH<XHWDO)),LVFDXVHG
E\ WKH '1PXWDWLRQ ZKHQ LQ DVVRFLDWLRQ ZLWK PHWKLRQLQH DW3513 FRGRQ  RQ WKH
PXWDQW DOOHOH&DUULHUV RI WKH'1PXWDWLRQZLWK YDOLQH DW WKH3513 FRGRQ  RQ WKH
PXWDQW DOOHOH ZHUH RULJLQDOO\ GHVFULEHG DV KDYLQJ I&-' RQ WKH EDVLV RI WKHLU FOLQLFDO DQG
SDWKRORJLFDO IHDWXUHV ZKLFK UHVHPEOHG WKRVH RI VSRUDGLF &-' DOWKRXJK SKHQRW\SLF
YDULDELOLW\RFFXUVZLWKLQDIIHFWHGIDPLOLHV=DUUDQ]HWDO7KHPHDQGLVHDVHGXUDWLRQLV
VLJQLILFDQWO\ VKRUWHU  PRQWKV LQ LQGLYLGXDOV KRPR]\JRXV IRU WKH GLVHDVH FDXVLQJ
PXWDWLRQWKDQLQKHWHUR]\JRXVLQGLYLGXDOVPRQWKV3DGRYDQLHWDOVXJJHVWLQJ
DJHQHGRVDJHHIIHFW
$FTXLUHG =RRQRWLF ± 3ULRQ GLVHDVH DPRQJVW VSHFLHV RWKHU WKDQ KXPDQV KDYH EHHQ
ZHOO GRFXPHQWHG DQG PDQ\ KDYH EHHQ VKRZQ WR EH FRQWDJLRXV DQG FDQ UDSLGO\ IRUP
HSLGHPLFV 'HWZLOHU DQG %D\OLV  'XFURW HW DO  0LOOHU DQG :LOOLDPV 
+LVWRULFDOO\ WKHROGHVWDQGPRVWVWXGLHGRI WKHVHLV WKHGLVHDVHVFUDSLHLQUXPLQDQWVVXFKDV
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VKHHS DQG JRDWV 0F*RZDQ  :LWKLQ WKH 6FRWWLVK VKHHS SRSXODWLRQ VFUDSLH ZDV
HIIHFWLYHO\ DFFLGHQWDOO\GLVVHPLQDWHGE\ DYDFFLQDWLRQSURJUDPPHDJDLQVW ORXSLQJLOO YLUXV
XVLQJDYDFFLQHIRUPXODWHGIURPWLVVXHVLQFOXGLQJVKHHS&16DQGVSOHHQ7KLVYDFFLQHZDV
GHGXFHG ODWHU WR KDYH FRQWDLQHG WKH FDXVDWLYH DJHQW RI VFUDSLH IXUWKHU FRQIRXQGHG E\ WKH
DELOLW\RIVFUDSLHWREHFRPHFRQWDJLRXVZLWKLQDIIHFWHGIORFNVE\HQYLURQPHQWDO*RXJKDQG
0DGGLVRQ  0DGGLVRQ HW DO  KRUL]RQWDO (YRQLXN HW DO  DQG YHUWLFDO
WUDQVPLVVLRQ )RVWHUHW DO +RLQYLOOHHW DO6FUDSLH LV FRQVLGHUHG WR UHSUHVHQW
QHJOLJLEOHULVNWRWKHKXPDQSRSXODWLRQDVLWDSSHDUVQRWWREHLQIHFWLRXVWRKXPDQV%DUULDHW
DO  ,Q 1RUWK $PHULFD ERWK WKH QDWLYH DQG IDUPHG GHHU DQG HON SRSXODWLRQV DUH
FXUUHQWO\ VXIIHULQJ WKH QDWXUDO UDSLG VSUHDG RI FKURQLF ZDVWLQJ GLVHDVH &:' :KHWKHU
&:'KDV WKHSRWHQWLDO WREH LQIHFWLRXV WRKXPDQV LVXQFHUWDLQDQG LV DQ LPSRUWDQWFXUUHQW
FRQFHUQ%HOD\HWDO
%RYLQHVSRQJLIRUPHQFHSKDORSDWK\%6(LVDSULRQGLVHDVHILUVWLGHQWLILHGLQLQ
WKH 8. FDWWOH SRSXODWLRQ %UXFH HW DO  +RSH HW DO  %6( UHDFKHG HSLGHPLF
SURSRUWLRQV ZLWKLQ WKH 8. FDWWOH SRSXODWLRQ LQ WKH V UHVXOWLQJ LQ VLJQLILFDQW
FRQWDPLQDWLRQRIWKH8.IRRGFKDLQZLWK%6(SULRQVDQGH[SRVXUHWRWKHKXPDQSRSXODWLRQ
YLDWKHFRQVXPSWLRQRI%6(FRQWDPLQDWHGPHDWSURGXFWV)ROORZLQJWKHHPHUJHQFHRI%6(
Y&-'ZDV ILUVW UHSRUWHG LQ WKH8. LQ WKHVXEVHTXHQWO\DFFRXQWLQJ IRUDURXQGRU
OHVV RI WRWDO KXPDQ SULRQ GLVHDVH FDVHV LQ WKH8. ZZZFMGHGDFXN7KH HYLGHQFH IURP
WUDQVPLVVLRQ VWXGLHV WR ODERUDWRU\PLFHDQG3U3ELRFKHPLFDODQDO\VLV LVFRQVLVWHQWZLWK WKH
K\SRWKHVLVWKDWY&-'UHSUHVHQWV%6(LQIHFWLRQLQKXPDQV%UXFHHWDO&ROOLQJHHWDO
 7KH PDLQ GLVWLQJXLVKLQJ IHDWXUHV RI Y&-' DV RSSRVHG WR V&-' DUH WKH FOLQLFDO
SUHVHQWDWLRQ D \RXQJ DJHDW FOLQLFDO RQVHW PHDQ DJHRI RQVHW \HDUV IRUY&-'YV
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\HDUV IRU V&-' DQG WKH VSHHG DWZKLFK WKH GLVHDVH SURJUHVVHV IURP FOLQLFDO V\PSWRPV WR
GHDWKPRQWKVIRUY&-'YVPRQWKVIRUV&-'%HOD\DQG6FKRQEHUJHU,Q
NHHSLQJ ZLWK DQ RUDO URXWH RI WUDQVPLVVLRQ JXWDVVRFLDWHG O\PSKRLG WLVVXHV WKH
O\PSKRUHWLFXODU V\VWHP DQG D ZLGH YDULHW\ RI RWKHU WLVVXHV WKURXJKRXW WKH ERG\ RI Y&-'
LQIHFWHG LQGLYLGXDOV FDQ UHYHDO DSSUHFLDEOH OHYHOV RI LQIHFWLRXV DJHQW %UXFH HW DO 
+HDGHWDO-RLQHUHWDO1RWDULHWDO:DGVZRUWKHWDO:DGVZRUWK
HWDOVHHDOVR)LJXUHDQG7DEOH
$FTXLUHG ± ,DWURJHQLF ,DWURJHQLF &-' LV FDXVHG E\ WKH DFFLGHQWDO WUDQVPLVVLRQ RI
SULRQV IURP SHUVRQ WR SHUVRQ GXULQJ PHGLFDO RU VXUJLFDO SURFHGXUHV 6HYHUDO URXWHV RI
WUDQVPLVVLRQ KDYH EHHQ LPSOLFDWHG VXFK DV D FRUQHDO WUDQVSODQW IURP D GRQRU ZLWK V&-'
'XII\ HW DO  RU KXPDQ GXUDPDWHU JUDIWV IURP D FRQWDPLQDWHG FRPPHUFLDO VRXUFH
7KDGDQLHWDOWKDWKDYHUHVXOWHGLQRYHULDWURJHQLFLQIHFWLRQVZRUOGZLGH7KHXVH
RI KXPDQ SLWXLWDU\ KRUPRQHV JURZWK KRUPRQH DQG JRQDGRWURSKLQ GHULYHG IURP SLWXLWDU\
JODQGV REWDLQHG SRVWPRUWHP KDV DOVR UHVXOWHG LQ RYHU  FDVHV RI LDWURJHQLF &-'
ZRUOGZLGH ZLWK LQFXEDWLRQ SHULRGV H[WHQGLQJ RYHU  \HDUV VHH %URZQ HW DO  IRU
UHYLHZ,QFRQWUDVWWKHUHXVHRIQHXURVXUJLFDOLQVWUXPHQWVDQGLQWUDFHUHEUDOHOHFWURGHVXVHG
RQ&-'DIIHFWHGSDWLHQWV%HUQRXOOLHWDOKDVLQFRQWUDVWUHVXOWHGLQVPDOOHUQXPEHUV
RI WKRVH EHLQJ H[SRVHG LQIHFWHG RU UHPDLQLQJ DW ULVN RI SRWHQWLDO LQIHFWLRQ ,DWURJHQLF
WUDQVPLVVLRQ RI Y&-' LQIHFWLRQ YLD EORRG WUDQVIXVLRQ LQ KXPDQ SDWLHQWV KDV UHFHQWO\ EHHQ
UHSRUWHG/OHZHO\QHWDO3HGHQHWDO:URHHWDODORQJZLWKWUDQVPLVVLRQYLD
LQIHFWHG EORRGGHULYHG SURGXFWV LQ D KDHPRSKLOLD SDWLHQW LQ WKH 8. 3HGHQ HW DO 
%ORRG WUDQVIXVLRQ LV QRW DVVRFLDWHG ZLWK V&-' WUDQVPLVVLRQ IXUWKHU KLJKOLJKWLQJ WKH
LPSRUWDQWGLIIHUHQFHVEHWZHHQY&-'DQG&-'LQWHUPVRIWKHWLVVXHGLVWULEXWLRQRILQIHFWLYLW\
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$FTXLUHG ± .XUX .XUX ZDV UHVWULFWHG WR WKH )RUH SHRSOH RI 1HZ *XLQHD DQG LV
K\SRWKHVLVHGWREHVSUHDGE\ULWXDOFDQQLEDOLVPGXULQJZKLFKDVSDUWRIWKHLUGHDWKULWHVWKH
GHFHDVHGZHUHFRQVXPHGE\IDPLO\PHPEHUV1RWRQO\ZDVWKHUHSRWHQWLDOIRURUDOLQJHVWLRQ
RI NXUX LQIHFWHGPDWHULDO EXW HSLGHPLRORJLFDO HYLGHQFH VXJJHVWV WKDW ZRPHQ DQG FKLOGUHQ
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WKH8.SRSXODWLRQ DV SRWHQWLDO FDUULHUV RI Y&-' DV GHWHUPLQHG E\ HSLGHPLRORJLFDO VWXGLHV
DQGIURPWKHUHWURVSHFWLYHVFUHHQLQJRIDSSHQGL[DQGWRQVLOWLVVXHV&ODUNHDQG*KDQL
&OHZOH\ HW DO *LOO HW DO +LOWRQ HW DO +3$&RQWUROPHDVXUHV
FRPELQLQJ LPSURYHG UHFRJQLWLRQ RI SRWHQWLDOO\ LQIHFWHG SHUVRQV ZLWK QHZ GLVLQIHFWLRQ
PHWKRGVIRUIUDJLOHVXUJLFDOLQVWUXPHQWVDQGELRORJLFDOSURGXFWVSXWLQSODFHWRSUHYHQWWKH
LDWURJHQLF VSUHDG RI V&-' DQG Y&-'DSSHDU WRKDYHEHHQ VXFFHVVIXO %URZQ HW DO 
+XPDQ SULRQ GLVHDVHV DSSHDU QRW WR EH FRQWDJLRXV UHTXLULQJ LQJHVWLRQ RU LQRFXODWLRQ RI
LQIHFWHG WLVVXHV RU FRQWDPLQDWHG QHXURVXUJLFDO LQVWUXPHQWV IRU WUDQVPLVVLRQ VRPH RI WKH
JHQHWLFSULRQGLVHDVHVKDYHVWLOOQRW\HWEHHQSURYHQWREHH[SHULPHQWDOO\WUDQVPLVVLEOH

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DJUHHG FULWHULD SXEOLVKHG E\ WKH:RUOG+HDOWK2UJDQLVDWLRQ $SSHQGL[  3DWLHQWV FDQ EH
FODVVLILHG DV ³SRVVLEOH´ ³SUREDEOH´ RU ³GHILQLWH´ DFFRUGLQJ WR WKH UHVXOWV RI FOLQLFDO DQG
SDWKRORJLFDO LQYHVWLJDWLRQV $ GLDJQRVLV RI GHILQLWH SULRQ GLVHDVH LV FRQILUPHG YLD
QHXURSDWKRORJLFDO DQDO\VLV 7KH SUDFWLFHV DQG JXLGHOLQHV IRU VXFK µKLJKULVN¶
QHXURSDWKRORJLFDO DXWRSVLHV KDYH EHHQ VXEMHFWHG WR FULWLFDO UHYLHZ LQ OLJKW RI WKH Y&-'
HSLGHPLFLQWKH8.,URQVLGHDQG%HOO
5HVHDUFKLQWRKXPDQSULRQGLVHDVHVKDVEHHQPDGHSRVVLEOHYLDLQRFXODWLRQRIEUDLQ
PDWHULDO IURP SDWLHQWV LQWR ODERUDWRU\ DQLPDOV VXFK DV QRQKXPDQ SULPDWHV RU URGHQWV
ELRDVVD\DQGVXEVHTXHQWFOLQLFDODQGQHXURSDWKRORJLFDODQDO\VLVDUHXVHGDVFRQILUPDWLRQRI
GLVHDVH WUDQVPLVVLRQ+RZHYHUDURXQGRIV&-'DQGRI*66FDVHVKDYHIDLOHG WR





PDJQHWLF UHVRQDQFH LPDJLQJ 05, RU HOHFWURHQFHSKDORJUDP ((* PD\ DOO LQIRUP WKH
GLDJQRVWLF SURFHVV +LVWRULFDOO\ WKH GLDJQRVLV RI SULRQ GLVHDVH LQ KXPDQ SDWLHQWV KDV EHHQ
FRQIRXQGHG E\ WKH VLPLODU QHXURORJLFDO SUHVHQWDWLRQV RI QXPHURXV GHPHQWLQJ LOOQHVVHV LQ
SDUWLFXODU$O]KHLPHU¶VGLVHDVH+DUDJXFKLHWDO0XUDPRWRHWDO7VFKDPSDHW
DO 7VXFKL\D HW DO  3LFN¶V GLVHDVH 3LHWULQL HW DO  3DUNLQVRQ¶V GLVHDVH
,LGD HW DO  /HZ\ ERG\ GLVHDVH +DUDJXFKL HW DO  7DUWDJOLD HW DO 
7VFKDPSDHWDODQGRWKHUWUHDWDEOHQHXURORJLFGLVRUGHUV&KLWUDYDVHWDO,WLV
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WKHUHIRUH LPSHUDWLYH WKDW SULRQ GLVHDVH VXUYHLOODQFH FRQWLQXHVZLWKLQ WKHKXPDQ SRSXODWLRQ
ZRUOGZLGH
7KH SRVWPRUWHP XVH RI SDWLHQWV ZLWK GHPHQWLD IRU DQDWRPLFDO UHVHDUFK LV KHDYLO\
UHVWULFWHG +RZHYHU DV\PSWRPDWLF SDWLHQWV ZKR PD\ EH LQIHFWHG ZLWK SULRQV RU SDWLHQWV
VKRZLQJ HDUO\ EXW XQUHSRUWHG FOLQLFDO VLJQV UHFRUGHG ZLWK RWKHU PRUH FRPPRQ FDXVHV RI
GHDWKLQSDUWLFXODUVXGGHQGHDWKVHJVWURNHRUKHDUWIDLOXUHUHSUHVHQWDSRWHQWLDOULVNURXWH
RI H[SRVXUH RI SULRQLQIHFWHG KXPDQ PDWHULDO LQWR DQDWRPLFDO UHVHDUFK ODERUDWRULHV 7KH
DFFXUDF\RIGHDWKFHUWLILFDWHVDQGUHOLDELOLW\RISUHVXPSWLYHGLDJQRVLVLQQDWXUDOXQH[SHFWHG
GHDWKVUHYHDOXSWRRIUHFRUGHGFDXVHVRIGHDWKPD\EHLQFRUUHFW*LOODQG6FRUGL%HOOR
 1LHOVHQ HW DO  7KH GLVFUHSDQF\ EHWZHHQ GHDWK FHUWLILFDWH UHFRUGHG FDXVH RI




WKH 86 DERXW LQDGHTXDWH LQIHFWLRQ FRQWURO DQG IDFLOLWLHV WR SHUIRUP EUDLQ DXWRSV\ RQ
VXVSHFWHG&-'SDWLHQWVKDYHEHHQVXJJHVWHGDVIDFWRUVGLVFRXUDJLQJDXWRSV\/LOOTXLVWHWDO
,QSUDFWLFHZLWKLQWKH8.WKLV LVQRW WKHFDVHDQGDXWRSV\UDWHVIRU OHJDOUHDVRQVDUH
KLJKDQGIRUVXVSHFWHGFDVHVRIKXPDQSULRQGLVHDVHDUHH[HPSODU\
)RU WKHSXUSRVHVRI DQDWRP\DQGSDWKRORJ\ WHDFKLQJ WKH8.'HSDUWPHQW RI+HDOWK
DGYLVRU\ FRPPLWWHH RQ GDQJHURXV SDWKRJHQV $&'3 76( VXEJURXS KDYH LVVXHG WKH
IROORZLQJ JXLGHOLQHV ³$QDWRP\ GHSDUWPHQWV DUH DGYLVHG QRW WR DFFHSW IRU WHDFKLQJ RU
UHVHDUFKSXUSRVHVERGLHVERG\SDUWVRURUJDQVIURPDQ\SDWLHQWV«´GHILQHGLQWKHVSHFLILF
ULVN FDWHJRULHV RXWOLQHG 7DEOH  ³'HSDUWPHQWV VKRXOG SURGXFH ORFDO SROLFLHV WR LGHQWLI\
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ZKR LV UHVSRQVLEOH IRU FKHFNLQJ ZKHWKHU D SRWHQWLDO GRQRU PD\ EH LQ RQH RI WKH GHILQHG
FDWHJRULHV 7KH H[WHQW RI WKH FKHFNV QHFHVVDU\ ZLOO YDU\ ZLWK FLUFXPVWDQFHV EXW ZRXOG
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6SRQJLIRUP(QFHSKDORSDWKLHV :+2 LGHQWLILHG VSHFLILF ULVN WLVVXHV IRU&-'7KHVH
JXLGHOLQHVZHUHHVWDEOLVKHGEHIRUHLWZDVUHSRUWHGWKDWSHULSKHUDORUJDQVVXFKDV WKHVSOHHQ
DQGWRQVLOVLQY&-'SDWLHQWVPD\KDUERXUVLJQLILFDQWOHYHOVRISULRQLQIHFWLYLW\%LVKRSHWDO
 %UXFH HW DO  3HGHQ DQG ,URQVLGH  DQG WKDW Y&-' PD\ KDYH EHHQ
WUDQVPLWWHGE\WKHWUDQVIXVLRQRIEORRGWREORRGSURGXFWVIURPDIIHFWHGGRQRUV/OHZHO\QHW
DO  3HGHQ HW DO :URH HW DO 7KH PDJQLWXGH RI SULRQ LQIHFWLYLW\ PD\ YDU\
KRZHYHUDVDUHFHQWFDVHRIY&-'KDVEHHQUHSRUWHGLQZKLFKH[WUHPHO\ORZOHYHOVRISULRQV
ZHUH IRXQG LQ O\PSKRUHWLFXODU WLVVXHV 0HDGHW DO7KH$&'376( VXEJURXSKDYH
VXEVHTXHQWO\LVVXHGJXLGHOLQHVRQULVNWLVVXHVIRUERWK&-'DQGY&-'VXPPDULVHGLQ7DEOH
 
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,QHIIHFWLYH 3ULRQV DUH QRWRULRXVO\ UHVLVWDQW WR PDQ\ FRPPRQ IRUPV RI
GHFRQWDPLQDWLRQLQFOXGLQJXOWUDYLROHWOLJKWDQGLRQL]LQJUDGLDWLRQ$OSHUHWDO)LHOGHW
DO  *LEEV HW DO  7UHDWPHQWV ZLWK FRPPRQ IL[DWLYHV VXFK DV DOFRKRO
IRUPDOGHK\GH DQG JOXWDUDOGHK\GH DUH XQOLNHO\ WR FRPSOHWHO\ UHGXFH SULRQ LQIHFWLYLW\ LQ
KXPDQ WLVVXH HYHQ WKRXJK PDQ\ RI WKHP DUH HIIHFWLYH IRU PRUH FRQYHQWLRQDO LQIHFWLRXV
DJHQWV 7KHVH IL[DWLYHV JHQHUDOO\ UHVXOW LQ D UHGXFWLRQ RI OHVV WKDQ  ORJ GRVH LQ SULRQ
LQIHFWLYLW\ZLWKLQWLVVXHV
(IIHFWLYH 7UHDWPHQWV IRU WKH HIIHFWLYH GHFRQWDPLQDWLRQ RI SULRQ LQIHFWLYLW\ IURP





WUHDWPHQW DSSHDUV WR EH WKH EHVW FRPSURPLVH EHWZHHQ UHGXFWLRQ LQ LQIHFWLRXV WLWUH DQG





(IIHFWV RI WLVVXH IL[DWLRQ :KLOH WKH $&'3 JXLGHOLQHV VXJJHVW DYRLGDQFH RI
HPEDOPLQJSURFHGXUHVIROORZLQJGLDJQRVLVRI&-'RUY&-'WKHHIIHFWRIWLVVXHIL[DWLRQXSRQ
SULRQ WUDQVPLVVLELOLW\ KDV EHHQ VWXGLHG H[SHULPHQWDOO\ )RUPDOGHK\GH IL[DWLRQ FURVVOLQNV
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UHGXFH SULRQ LQIHFWLYLW\ LQ WLVVXHV EXW GR UHVXOW LQ WKH UHWHQWLRQ RI GHWHFWDEOH DPRXQWV RI
LQIHFWLYLW\ DV VKRZQ IRU ERWK IRUPRO )UDVHU HW DO  DQG SHULRGDWHO\VLQH
SDUDIRUPDOGHK\GH 3/3 IL[HG 7D\ORU HW DO  WLVVXHV $Q\ DSSDUHQW HIIHFW RI WLVVXH
IL[DWLRQ LV OLNHO\WREH UHYHUVLEOHDVEUHDNLQJ WKHSURWHLQFURVVOLQNVPD\ OLEHUDWH LQIHFWLRXV
SULRQ PDWHULDO ,QGHHG GHWHFWDEOH SULRQ LQIHFWLYLW\ UHPDLQHG HYHQ DIWHU DXWRFODYLQJ RU
LQFLQHUDWLRQ RI IRUPDOGHK\GH IL[HG LQIHFWLRXVPDWHULDO %URZQ HW DO  ,W LV SODXVLEOH
WKDWWKHSURFHVVRIHPEDOPLQJWHUPLQDOO\DIIHFWHG&-'RUY&-'SDWLHQWVUHSUHVHQWVDULVNWR
WKHRSHUDWRUDQGDVVXFKLVGLVFRXUDJHGLQWKHFXUUHQW:+2JXLGHOLQHV$OWHUQDWLYHURXWHVRI
HPEDOPLQJ SULRQ GLVHDVH SDWLHQWV SRVW PRUWHP DUH UHFRPPHQGHG WR PLQLPLVH WKH ULVN RI
SULRQ WUDQVPLVVLRQ7KHHPEDOPLQJRISDWLHQWVQRWFDWHJRULVHG LQ7DEOHHYHQDFFRXQWLQJ
IRU SRWHQWLDO DV\PSWRPDWLF KXPDQ SULRQ GLVHDVH SDWLHQWV DUH FRQVLGHUHG WR UHSUHVHQW D
QHJOLJLEOHULVNIRUWKHWUDQVPLVVLRQRISULRQGLVHDVHWRWKHRSHUDWRU
 
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$OFDOGH&DEHURHWDO7KLVVWXG\GHWHUPLQHG WKDWGHVSLWH UHSRUWVRI V&-'LQKHDOWK
SURIHVVLRQDOV WKH\RFFXUUHGDWH[SHFWHGUDWHVZKHQFRPSDUHG WR WKHSRSXODWLRQDVDZKROH
7KHVH VWXGLHV VXJJHVW KHDOWK SURIHVVLRQDOV ZHUH DW QR JUHDWHU ULVN RI GHYHORSLQJ V&-'
+RZHYHUWKLVUHYLHZHTXDOO\DGRSWHGWKHYLHZSRLQWWKDWVRPHSURIHVVLRQVDUHDVVRFLDWHGZLWK
DQLQFUHDVHGRFFXSDWLRQDOULVNRIH[SRVXUHWRSULRQGLVHDVHLQVSHFLILFFLUFXPVWDQFHV,QWKHVH
LQVWDQFHVDSSURSULDWHFDUHDQGSUHYHQWDWLYHPHDVXUHVVKRXOGFRQWLQXH WREH WDNHQ WRDYRLG
LQFUHDVLQJ WKH ULVN RI SULRQ GLVHDVH WUDQVPLVVLRQ )RU IXUWKHU GHWDLOV UHJDUGLQJ WKH :+2
ZRUNLQJSUDFWLFHVIRUKHDOWKFDUHODERUDWRULHVVHH$SSHQGL[,,,)RUWKHSXUSRVHVRIDQDWRP\
WHDFKLQJWKHDGRSWLRQRIWKHJHQHUDOSURWHFWLYHPHDVXUHVRUVLPLODU*RRG/DERUDWRU\3UDFWLFH
JXLGHOLQHV VKRXOG EH VXIILFLHQW VR ORQJ DV WKH VRXUFLQJ RIPDWHULDOV IRU WHDFKLQJ SXUSRVHV
DYRLGVWKRVHSDWLHQWVFDWHJRULVHGLQ7DEOH
 
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 ,Q WKLV UHYLHZ ZH KDYH DWWHPSWHG WR SUHVHQW D EDODQFHG DQG FULWLFDO UHYLHZ RI WKH
FXUUHQWO\ DYDLODEOH GDWD UHJDUGLQJ WKH SRWHQWLDO ULVNV RI WUDQVPLVVLRQ RI SULRQ GLVHDVH IURP
KXPDQ FDGDYHULF PDWHULDO WR SHUVRQQHO ZRUNLQJ ZLWK RU KDQGOLQJ WKHVH PDWHULDOV 7KHVH
GLVHDVHVDUHH[WUHPHO\UDUHDQGWKHFXUUHQWZRUNLQJSUDFWLFHVRIDYRLGDQFHRIXVLQJFDGDYHUV
ZLWK NQRZQ GHPHQWLD DQG DYRLGDQFH RI VSHFLILF KLJKO\ LQIHFWLRXV WLVVXHV DSSHDU WR EH
VXIILFLHQWSUHYHQWDWLYHPHDVXUHV+RZHYHUWKHSRWHQWLDOULVNRISULRQGLVHDVHWUDQVPLVVLRQLV
VWLOO SUHVHQW DQGFRQWLQXHG VFUHHQLQJDQGDGKHUHQFH WRFXUUHQWZRUNLQJSUDFWLFHV VKRXOGEH
PDLQWDLQHGDWOHDVWDWWKHLUFXUUHQWOHYHOWRUHGXFHWKLVULVN
 
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7KLV ZRUN ZDV VXSSRUWHG E\ SURMHFW DQG ,QVWLWXWH 6WUDWHJLF *UDQW IXQGLQJ IURP WKH
%LRWHFKQRORJLFDO DQG %LRORJLFDO 6FLHQFHV 5HVHDUFK &RXQFLO 7KH DXWKRUV ZLVK WR WKDQN
FROOHDJXHV DW 7KH 5RVOLQ ,QVWLWXWH DQG 5'696 7KH 8QLYHUVLW\ RI (GLQEXUJK DQG 7KH
1DWLRQDO&-'5HVHDUFK	6XUYHLOODQFH8QLWIRUWKHLUKHOSDQGDGYLFHZLWKWKLVPDQXVFULSWLQ
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 $ PRUH GHWDLOHG UHYLHZ RI KXPDQ SULRQ GLVHDVH DQG WKHLU YDULRXV SDWKRORJLHV LV
DYDLODEOHLQ*UHHQILHOG¶V1HXURSDWKRORJ\/RYHHWDO
 
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$SSHQGL[ ,, :+2 'HFRQWDPLQDWLRQ PHWKRGV IRU 7UDQVPLVVLEOH 6SRQJLIRUP
(QFHSKDORSDWKLHV:+2
7KHIROORZLQJUHFRPPHQGDWLRQVDUHEDVHGRQWKHEHVWDYDLODEOHHYLGHQFHDWWKLVWLPHDQGDUH










 ,PPHUVH LQ 1D2+ RU VRGLXP K\SRFKORULWH IRU  KU UHPRYH DQG ULQVH LQ ZDWHU WKHQ











LQIHFWLYLW\ E\ GLOXWLRQ DQG VRPH DGGLWLRQDO EHQHILWPD\ EH GHULYHG IURP WKH XVH RI RQH RU
DQRWKHURIWKHSDUWLDOO\HIIHFWLYHPHWKRGV
$XWRFODYHFKHPLFDOPHWKRGVIRUGU\JRRGV
6PDOOGU\JRRGV WKDW FDQZLWKVWDQGHLWKHU1D2+RU VRGLXPK\SRFKORULWH VKRXOG ILUVWEH
LPPHUVHGLQRQHRUWKHRWKHUVROXWLRQDVGHVFULEHGDERYHDQGWKHQKHDWHGLQDSRURXVORDG
DXWRFODYHDW&IRUKU
 %XON\ GU\ JRRGV RU GU\ JRRGV RI DQ\ VL]H WKDW FDQQRWZLWKVWDQG H[SRVXUH WR1D2+ RU
VRGLXPK\SRFKORULWHVKRXOGEHKHDWHGLQDSRURXVORDGDXWRFODYHDW&IRUKU
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 /DERUDWRU\ FRYHUDOOV JRZQV RU XQLIRUPV PXVW EH ZRUQ IRU ZRUN DQG UHPRYHG EHIRUH
HQWHULQJQRQODERUDWRU\DUHDVFRQVLGHU WKHXVHRIGLVSRVDEOHJRZQVQRQGLVSRVDEOHJRZQV
PXVWEHGHFRQWDPLQDWHGE\DSSURSULDWHPHWKRGV
6DIHW\JODVVHV IDFH VKLHOGV YLVRUVRURWKHUSURWHFWLYHGHYLFHVPXVWEHZRUQZKHQ LW LV
QHFHVVDU\WRSURWHFWWKHH\HVDQGIDFHIURPVSODVKHVDQGSDUWLFOHV





 :KHUHYHU SRVVLEOH DYRLG RU PLQLPL]H WKH XVH RI VKDUSV QHHGOHV NQLYHV VFLVVRUV DQG
ODERUDWRU\JODVVZDUHDQGXVHVLQJOHXVHGLVSRVDEOHLWHPV
$OO WHFKQLFDO SURFHGXUHV VKRXOG EH SHUIRUPHG LQ DZD\ WKDWPLQLPL]HV WKH IRUPDWLRQRI
DHURVROVDQGGURSOHWV
:RUN VXUIDFHVPXVWEHGHFRQWDPLQDWHG DIWHU DQ\ VSLOO RI SRWHQWLDOO\ GDQJHURXVPDWHULDO
DQGDWWKHHQGRIWKHZRUNLQJGD\XVLQJPHWKRGVGHVFULEHGLQ6HFWLRQDQG$QQH[,,,
 $OO FRQWDPLQDWHG PDWHULDOV VSHFLPHQV DQG FXOWXUHV PXVW EH HLWKHU LQFLQHUDWHG RU
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Y&-' $FTXLUHG  SULPDULO\ YLD FRQVXPSWLRQ RI %6(
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6SRUDGLF *HQHWLF ,DWURJHQLF Y&-'
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